Automatic Route Setting (ARS) is a major subsystem of railway traffic management systems. ARS automatically sets routes in accordance with timetables, train descriptions and facility situations. To develop the ARS system, various conditions have to be considered, such as train operations, track layouts, and equipped facilities. This leads to a huge amount of work in ARS development aimed at dealing with software variations among ARS products. In the software development area, model-based development is commonly used to improve productivity. However, it requires a particular model for each system, and there is no applicable model for ARS. Thus, this paper proposes a new model that focuses on the topological relationships between two routes. In this model, railway tracks are expressed as a digraph in which a node and an edge respectively represent a route and a topological relationship between two routes. By analysing topological aspects of railway tracks, we found that edges are categorised into 23 patterns. Each is associated with a specific kind of routesetting feature. For example, a train has to choose an appropriate route where two routes diverge or wait until higher priority trains pass where two routes confluent. By using this model, the ARS system can be designed as follows. Trains move on the digraph and occupy nodes on their path in order to set routes. Each node and edge in the model is linked to specific route-setting functions. When a train tries to occupy a node on its path, ARS executes the functions linked to the node and its connecting edges to decide whether the train can occupy it or not. Some trial systems which have the same functions as existing ARS systems were developed for the feasibility study and were confirmed to ensure high productivity and customisability of the new ARS.
Introduction
As computer technologies have advanced, Traffic Management Systems (TMS) have become used extensively for railway operation management and facility control [1] . In the early use of TMS, signallers manually controlled trackside facilities via a human-machine interface at a proper time, but modern TMS integrates an Automatic Route Setting (ARS) system to set the proper route automatically when a train approaches a signal [3, 4] . ARS automatically sets routes in accordance with timetables, train descriptions, and facility situations [5] .
To develop ARS systems, various conditions have to be considered, such as train operations, track layouts, and equipped facilities. Conventionally, ARS has been developed by highly skilled engineers who can come up with appropriate functions for individual systems to fit with the signalling scheme plan, interlocking control tables, and timetable. This leads to a huge amount of work for the ARS design, implementation, and testing. Therefore, efficiency must be improved to shorten development time and reduce costs. The overall objective of this paper is to improve productivity of ARS development.
In the software development area, various technologies have been proposed for this purpose. One of the commonly used technologies in recent years has been model-based development [6] . To develop TMS, there have been a number of studies about the interlocking systems. Svendsen et al. [7] proposed a domain specific language which automatically generates interlocking tables and interlocking source code from the models drawn on the graphical editor. This model-based domain specific language is useful to improve the productivity of interlocking systems. However, it is a special model for the interlocking system and cannot be applied for the ARS development. Thus, this paper proposes a new model applicable to the ARS development.
In this paper, section 2 presents the overview of ARS systems. Section 3 describes the modelling viewpoint and derivation of the proposed model. Section 4 explains the working principle of model-based ARS and application for some trial systems. Finally, section 5 concludes the paper.
Overview of ARS
ARS is a major subsystem of railway TMS. Figure 1 shows the relationships between ARS and other components in TMS. The main roles of the ARS [5] 
Modelling

Modelling of entities on track
As mentioned before, ARS automatically sets routes for trains running on a track. The "route" is the path along a section of track between one signal and the next, along which authorised movement is to be made. All routes have only one entry signal at their beginning point. Routes also have one exit signal at their destination point, except for the ones whose destinations are bay platforms or dead-end sidings. Train existences and their descriptions are obtained by the train describer system for each "berth", which is a location where a train has to stop when a signal tells it to [8] . Each berth is normally associated with a signal. With routes and berths, rail tracks are modelled as a digraph whose nodes represent berths and whose edges represent routes. This digraph is denoted as the berth-route graph below, an example of which is shown in Figure 2 . In this digraph, train movement is represented as below: -Each train on the track is assigned on a node -Trains can step along edges to the edge's direction -Trains cannot step to the next node without movement authority (i.e. trains can only proceed on routes which have already been set by ARS or signallers) ARS gives a movement authority for a train by setting a route. When ARS attempts to set a route, ARS has to check the state of conflicting routes. For example, consider a case in which Train A is on Berth B2 shown in Figure 2 . ARS will attempt to set the route R24 for Train A in this case, but ARS cannot set it if conflicting Route R34 has already been set. ARS also has to wait to set Route R24 if the train operation plan determines that another train, Train B, has to proceed on Route R34 before Train A proceeds on Route R24. This kind of confliction information among routes cannot be obtained from the berth-route graph. Therefore, ARS needs another model which can describe relationships between two routes. We focus on the geometries of the track layout and model topological relationships between two routes in the next section.
Modelling of relationships between two routes
Appropriate classification criteria have to be chosen to make a well-suited model. We focus on the base points of a route (i.e. entry and exit points of a route) and decide the classification criteria as below: -Base point overlapping between two routes (section 3.2.1) -Base point inclusion in the other routes (section 3.2.2) -Relative direction between two routes (section 3.2.3) In this section, we explain the reasons we focused on the criteria above and then give details of the model and a list of model elements.
Base point overlapping between two routes
The base points of a route have special properties which no other points in a route have. Under the operation of ARS, trains only stop at the base points of a route because train drivers can only obtain the information of whether the train should proceed or not from the signal aspect. It is also special that a train can choose its running path only at the base points because of the interlocking mechanism. When a route is set, all points included in the route are locked by the interlocking system. The interlocking system will continue to lock them until the train reaches the exit point of the route. Thus, after the entrance of a route, the train cannot change its running path in the middle of the route even if there is a branch in the interior of the route.
The below characteristics show that ARS functions are affected whether or not the base points between two routes overlap: -ARS is only able to select train paths where more than two routes overlap at their entry points. -A train running on a route can only proceed to the next route whose entry point overlaps with the exit point of the route on which train is running. -Two train paths will never be confluent except for the points where exit points of the routes included in each train path overlap. If a train has been diverted from its running path by the ARS, it can only return to the original running path at the points above. Figure 3 shows some examples of the base point overlapping between two routes. This figure shows the overlapping of (a) entry points between two routes, (b) exit points between two routes, and (c) exit point and entry point of each route. 
Base point inclusion in the other route
Even if the base points of the two routes do not overlap, ARS functions are affected whether or not the base point of a route is included in another route as below: -If two routes have an intersection point but do not include any of the other's entry points, ARS has to determine the route setting priority among the trains which will enter these two routes. In contrast, there is no degree of freedom of the route setting priority between two routes of which at least one entry point is included in the other one. -If the exit point of a route is included in the other one, the latter route may not be set for long because a train running on the former route may stop at the exit point of the route. Trains that needs to reverse, split, or join at the exit point of the former route may significantly delay other trains. Figure 4 shows some examples of the base point inclusion between two routes. The figure shows examples in which (a) two routes share no base point, (b) the exit point of one route is included in the other, and (c) the entry point of one route is included in the other. 
Relative direction between two routes
Normally, curvature of a track is sufficiently smaller than the length of a route. Therefore, relative direction between two routes is expressed as two patterns: the same direction or opposite directions. Since a train can move only on a track in railway systems, trains have to switch their head when they intend to go in the reverse direction. Figure 5 shows some examples of relative directions between two routes. While exit point of a route is overlapped with the entry point of the other route in both examples, relative directions between two routes are different. Two routes have the same relative direction in (a) but opposite directions in (b). 
Topological Route Relation Model (TRRM)
On the basis of considerations from sections 3.2.1 to 3.2.3, we modelled the topological relationships between two routes as Topological Route Relation Model (TRRM). Table 1 lists all elements in TRRM. In Table 1 , two routes which have a relationship are denoted as Route A and Route B, respectively. We considered that the patterns which coincide by exchanging Route A and Route B are the same pattern. Table 1 is devised to be made so that the same patterns do not appear twice or more with the following rules.
-Only show the cases in which the "Number of base points of Route B included in Route A" is the same as or more than the "Number of base points of Route A included in Route B". -If the number shown above is the same, only show the cases concerning the entry point of Route B and exit point of Route A. TRRM assumes that curvature of a track is sufficiently smaller than the length of a route. Patterns which cannot be realised physically under this assumption are denoted as "Unrealisable". Table 1 covers all the patterns obtained by the criteria above.
As shown in Table 1 , the elements in TRRM are categorised into 23 patterns. In the figures shown above, Figure 3 Route-topology graph.
Each element of TRRM is associated with the specific ARS functions as a route selection function or a priority calculation function. Figure 7 shows an example of the association between some elements of TRRM and ARS functions. 
Model evaluation
To evaluate the models described in section 3.1 and 3.2, we picked up some sample areas and applied these models to it. Here, any track layouts can clearly be expressed as berth-route graph by the definition of berth and route. Table 2 lists the results of the application of TRRM to these sample areas. All areas listed in Table 2 can be modelled by TRRM without any exception. The number of TRRM elements in an area is expected to correlate closely with software development effort of ARS for the area because each element in TRRM is associated with specific ARS functions as shown in Figure 7 . Comparing Area B with Area A in Table 2 , while Area B has fewer routes than Area A, it contains many more TRRM elements. This implies that the track layout of Area B is more complex than that of Area A and that developing an ARS system for Area B needs much effort. Area C has an astonishing number of TRRM elements, so an ARS system for this area would be extraordinarily difficult to develop. To focus on the patterns which do not have the base point overlapping (i.e. patterns 1-11), while Area A has many elements of Patterns 1 and 2; Area B has many elements of Patterns 3 to 6. This implies that trains simply cross each other in Area A but they can stop or turn back in the crossing point in Area B. Thus, Area B may have more risks of train delay propagation and deadlocking.
Model application to ARS
This section presents the results of applying TRRM to some trial ARS systems. As mentioned above, each element in TRRM is associated with the specific ARS functions. Figure 8 shows the basic working principle of the ARS based on TRRM. The trial systems were implemented in C++ and worked on the Linux-based real-time operating system. With the trial systems, we confirmed that our new ARS method based on TRRM worked sufficiently well. By using TRRM, individual ARS systems can be developed easily from their track layout. Engineers convert a track layout into berth-route graph and route-topology graph, and then all ARS functions can be automatically determined by the elements in the route-topology graph. This implies that TRRM significantly improves the ARS productivity and provides an easy way to fit the individual ARS products to their own track layout.
Conclusion
This paper presents the new model named TRRM to improve the productivity of ARS systems. TRRM is the model of topological relationships between two routes. TRRM has 23 elements and any tracks can be expressed by them. The basic principles of the new ARS system based on TRRM were explained in this paper, and some trial systems were developed for a feasibility study of it. With the trial systems, we confirmed that our new ARS system based on TRRM worked sufficiently well. Now we are developing some other trial systems for the feasibility study of more complex areas. We are also developing an ARS development system based on TRRM for a much more productive ARS.
